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LONG-TERM  GOALS 

To  add  to  our  understanding  of  the  individual  and  joint 
roles  of  bacteria  and  diatoms  in  the  formation  and  persistence 
of  marine  fouling  biofilms  and  in  so  doing,  provide 
information  that  can  be  used  in  the  design  of  fouling  release 
coatings.  This  information  concerning  the  physiological 
dissection  of  the  biofilm  system  is  generally  relevant  to 
other  mixed  species  biofilms,  especially  those  on  illuminated 
marine  sediments  in  the  littoral  zone. 

SPECIFIC  OBJECTIVES 

To  determine  in  a  mixed  diatom/bacterial  biofilm,  which 
group  of  organisms  influences  the  production  of  the 
extracellular  matrix  (ECM)  that  is  responsible  for  biofilm 
architecture  and  persistence. 

APPROACH 

Eukaryote-prokaryote  interactions  lead  to  changes  in  the 
detection  of  a  surface  and  potentially  none  attachment  and  /or 
detachment  of  cells,  thus  affecting  biofilm  structure  and 
function.  Bacteria  and  diatoms  isolated  from  the  same  marine 
biofilm  were  used  to  study  this  phenomenon.  Diatom  motility 
(an  analogue  of  adhesion)  and  adhesive  behavior  was  monitored 
as  a  function  of  the  presence  of  bacteria  and  their  products. 
Efforts  to  quantify  the  ECM  production  in  single  and  mixed 
organism  biofilms  and  to  determine  its  origin  were  made. 
Sugar-specific  lectins  conjugated  to  fluorophores  were  used  to 
demonstrate  the  presence  or  absence  of  particular 
extracellular  polymers.  Flow-through  bioreactors  were  used  to 
assess  biofilm  the  formation  of  extracellular  products  as  a 
function  of  time  using  axenic  diatom  and  mixed 
bacterial/diatom  cultures.  We  also  prepared  extracellular 
polymers  from  diatoms  and  diatom-colonized  surfaces  for  study 
with  atomic  force  microscopy  by  another  grantee. 

RESULTS  AND  ACCOMPLISHMENTS 

Bioreactor  studies  showed  that  diatom  biofilms  were  less 


stable  in  the  presence  of  bacteria  than  they  were  in  their 
absence.  Specifically  Pseudoalteromonas  sp.4  (16-S  RNA 
measurements  indicate  a  new  species)  alone,  or  the  medium  in 
which  it  was  grown,  caused  diatoms  to  lose  motility,  adhesion 
and  viability. 

As  an  initial  effect,  the  spent  medium  caused  diatoms 
(Amphora  coffeaeformis  and  Navicula  sp.  l)to  agglutinate 
(figl) .  Extracellular  polymers  of  these  diatoms  were  easily 
stained  with  various  conjugated  lectins,  especially  those 
specific  for  galactose  and  mannose,  but  after  treatment  with 
bacteria  spent  medium,  the  extracellular  polymers  were  not 
detectable  with  the  lectin. 


Navicula  sp.1  control  and  treated 


control  treated 


Figure  1.  Agglutination  effects  of  Pseudoalteromonas  sp.4 
medium  on  Navicula  sp.l 

Cells  of  Navicula  sp.  1  vere  treated  with  spent  medium 
(treated)  from  Pseudoalteromonas  sp.  4.  The  left  hand  image 
(untreated)  shows  typical  active  dispersal  behavior  of  diatom 
cells  in  fresh  marine  medium.  In  the  right  hand  image  the 
effect  of  their  re-suspension  in  medium  that  had  supported 
bacterial  growth  can  be  seen.  The  'spent  medium'  was 
sterilized  by  ultra-filtration  before  the  diatoms  were  re¬ 
suspended. 

We  found  that  sugars  or  their  polymers (Table  1) protected 
diatom  cells  from  the  effects  of  the  bacterial  spent  medium. 
This  is  strong  evidence  that  the  bacterial  products  capable  of 
agglutinating  the  diatoms  are  lectins.  A  model  to  explain  this 
phenomenon  has  been  formulated. 


Table  1.  D-galactose  or  mannan  protects  Navicula  sp.l 
from  effects  of  Pseudoalteromonas  sp.  4 


Treatment  of  diatoms 

%  motility  (n)  * 

(a).  ASP2  C  alone 

98  ±2  (101) 

(b).  Spent  medium  from  bacteria 

42  ±  12(25)^ 

(c).  as  (b)  +  50mM  D-galactose 

71  ±  7  (46) 

(d).  as  (b)  +  7  mg  mL*^  mannan 

66  ±  1  (38) 

^  After  120  min  incubation,  (number  of  cells  measured). 

Cell  density  was  identical  in  each  experiment,  but  aggregation  of  diatoms  in  the  presence 
of  the  spent  medium  of  Pseudoalteromonas  sp.  4  reduced  the  number  of  individual  motile 
cells  able  to  be  measured.  Thus  these  figures  represent  the  motility  of  cells  not  in 
an  aggregate. 

^  After  ISOmin  motility  in  (b)  was  reduced  to  0%  whereas  in  the  other  treatments 
(a,  c,  and  d),  motility  did  not  change. 


We  have  shown  that  lectin  staining  of  diatom 
extracellular  polymers  demonstrate  differing  adhesive 
structures  between  species.  For  instance,  whereas  Amphora  [ 
two  raphes  on  the  ventral  valve]  adheres  to  a  surface  by  two 
raphe-penetrating  pads  of  polymer,  the  adhesive  pad  for 
Navicula  sp.l  covers  the  entire  ventral  valve  surface 
interface.  The  adhesive  material  is  obviously  secreted  from 
the  raphe  in  Amphora  but  in  Navicula  sp.l  we  postulated  that 
it  was  secreted  from  valvar  pores,  i.e.,  not  from  the  raphe. 
We  have  now  documented  that  this  is  the  case. 

IMPACT/APPLICATIONS 

The  use  of  a  single  organism  type  in  assessing 
antifouling  coating  formulations  is  not  recommended  since  not 
all  diatom  species  behave  similarly  and  the  influence  of 
indigenous  bacteria  on  the  diatom  adhesive  behavior  can  be 
substantial . 
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